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rates for 30-day mortality from the day of stroke admission and 30-day all-cause readmission from the day of discharge. Previous work suggests that among older patients, there is a substantial variation at the hospital level in poststroke readmission and mortality. 5 Despite the fact that functional outcomes are prioritized by patients and are directly influenced by the quality of care during acute ischemic stroke, few data are available on hospital variation in these postdischarge outcomes.
In our study, we assessed hospital variation in 90-day and 1-year home-time using administrative claims data. We also evaluated the association between hospital characteristics and case-mix-adjusted hospital-level home-time.
Methods

Data Sources
Our study was conducted as part of the PROSPER study (PatientCentered Research into Outcomes Stroke Patients Prefer and Effectiveness Research), which is funded by the Patient-Centered Outcomes Research Institute. Details of the PROSPER study design have been published. 3 In accordance with Patient-Centered Outcomes Research Institute methodological standards, we prespecified statistical analyses in a statistical analysis plan (Supplementary Statistical Analysis Plan). 6 Through PROSPER study, we created a comparative effectiveness research platform using clinical data from the Get With The Guidelines-Stroke (GWTG-Stroke) program and administrative claims data from CMS. The design and methods of GWTGStroke have been previously published. 7 In brief, GWTG-Stroke is an ongoing national quality improvement initiative that began in 2003 to optimize care for hospitalized patients with stroke by improving adherence to evidence-based guidelines. Participating sites enter data on patient demographics, medical history, event characteristics, and in-hospital and discharge therapies.
We obtained information on postdischarge outcomes among Medicare enrollees using CMS claims. Using a previously validated deterministic matching technique, we linked in-hospital information from GWTG-Stroke to Medicare claims files from 2007 to 2011. 8 We obtained demographic characteristics, enrollment information, and vital status using denominator files. Information on institutional stays was captured using inpatient and skilled nursing facility claims generated under Medicare Part A.
Study Population
We included GWTG-Stroke patients ≥65 years who were enrolled in fee-for-service Medicare. The earliest GWTG-Stroke admission was used for patients with multiple registry hospitalizations during the study period. We excluded records from sites missing >25% medical history panel (n=15 543); patients who were not eligible for fee-forservice Medicare at the time of discharge (n=19 240); patients who had comfort measures documented during the index hospitalization (n=37 347); patients who died before discharge (n=7393); patients who left against medical advice or were discharged at a short-term hospital or hospice (n=10,018); patients who did not have 90 days of fee-for-service eligibility after discharge (n=3119); patients who did not have complete National Institutes of Health Stroke Scale (NIHSS) score (n=130 365); and those admitted to sites with <25 patients enrolled during the study period (n=3958). After these exclusions, our final study population comprised 156 887 patients with ischemic stroke from 989 hospitals. The sensitivity analysis population totaled to 288 142 patients from 1279 sites.
Patient and Hospital Characteristics
We used patient-level data from GWTG-Stroke on demographics, medical history, event characteristics, laboratory values, examination results on hospital admission, in-hospital therapies, and discharge medications. Hospital characteristics of interest were obtained from the American Hospital Association annual survey and included bed size, teaching status, annual ischemic stroke admission volume (number of admissions for ischemic stroke per year), % transfer-ins, years in GWTG-Stroke program, primary stroke center certification, number of beds, rural/urban location, and geographic region (Midwest, Northeast, South, and West). 
Home-Time Definition
We calculated home-time as total days alive and not in a hospital, inpatient rehabilitation facility, or skilled nursing facility during the 1-year period post hospital discharge. Home-time days were ascertained on the basis of death date in the Medicare denominator files, admission and discharge dates in the inpatient files, and from dates in the skilled nursing facility files.
Statistical Analysis
For each hospital, we calculated unadjusted mean home-time at 90 days and 1 year after hospital discharge. We described patient baseline characteristics, comorbidities, event data, and hospital characteristics at the hospital level and compared them by quartiles of unadjusted hospital mean of 90-day home-time. Patient continuous and categorical variables were calculated at the hospital level as hospital mean and proportions accordingly. Patient variables and hospital continuous variables are presented as medians with interquartile range. Hospital categorical variables are presented as proportions.
We created case-mix-adjusted hospital-level mean home-time estimates using a 2-step modeling process. In the first step, we used a generalized linear mixed model adjusted for patient characteristics to estimate mean home-time value for each hospital. Adjustment variables included age, race, sex, comorbidities (medical history of stroke, transient ischemic attack, peripheral vascular disease, hypertension, diabetes mellitus, myocardial infarction or coronary artery disease, carotid stenosis, atrial fibrillation, dyslipidemia, and smoking), emergency medical services transport, and NIHSS. Because the missingness rate for all variables was low among the NIHSS nonmissing population (<10%), we imputed the missingness in patient continuous variables to the overall median value, binary variables to no, and multilevel variables to the most frequent category. Hospital variables were not imputed. In the second modeling step, we treated the hospital-level case-mix-adjusted mean home-time as the outcome and used linear regression to examine the association between hospital characteristics and adjusted hospital-level home-time.
In a sensitivity analysis, we retained patients with missing NIHSS values and used multiple imputation to estimate NIHSS score. We then repeated the aforementioned 2-step modeling process on the full sample. Finally, we evaluated hospital-level rates of all-cause mortality and major adverse cardiovascular events(mortality or readmission for cardiovascular disease) by quartiles of adjusted hospital-level mean home-time.
For descriptive comparisons, we used 1df Cochran-MantelHaenszel test on Spearman rank correlation coefficients for all patient variables at the hospital level and continuous hospital variables. We used Kruskal-Wallis tests for all categorical hospital variables. All tests were 2-sided. A significance level of 0.05 was used for all hypotheses. All analyses were performed using SAS version 9.4 (SAS Institute Inc, Cary, NC). Quintiles is the data collection coordination center for the American Heart Association/American Stroke Association GWTG programs. The Institutional Review Board of the Duke University Health System approved this study.
home-time quartiles, those discharged from hospitals in lower quartiles were on average older, more likely to be women, and more likely to be black. Patients discharged from hospitals in the lowest home-time quartile had higher rates of stroke, atrial fibrillation, heart failure, diabetes mellitus, and hypertension than those discharged from hospitals in higher home-time quartiles.
Patients discharged from hospitals in lower home-time quartiles were less likely to be ambulating independently on admission, had shorter prehospital delays, were more likely to arrive by emergency medical services, and had more severe strokes than those discharged from hospitals in higher hometime quartiles. Patients discharged from hospitals in the lowest home-time quartiles were less likely to be ambulating 
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independently at hospital discharge, more likely to be discharged to another healthcare facility or acute care facility, and less likely to be discharged home compared with those seen in hospitals in higher home-time quartiles. Table 2 Compared with hospitals in higher adjusted 90-day hometime quartiles, hospitals in lower quartiles were more likely to be teaching hospitals, in a nonrural location, located in the Midwest and Northeast regions, and primary stroke center certified (Table I in the online-only Data Supplement). Table 3 displays the multivariable associations between hospital characteristics and case-mix-adjusted hospital-level mean 90-day home-time. Increasing hospital bed size (adjusting for annual ischemic stroke volume) was associated with less home-time at both 90 days and 1 year. However, increasing annual ischemic stroke volume was associated with more home-time days. An increasing proportion of transfer-in patients was associated with fewer home-time days at both 90 days and 1 year. Rural location, Midwest, South, and West geographic regions were positively associated with hometime for both follow-up periods. Similar associations were observed in models that included imputed NIHSS for records missing stroke severity (Table II in the online-only Data  Supplement) . Table 4 displays rates of major adverse cardiovascular events and all-cause mortality at 90 days by case-mix-adjusted hospital-level mean home-time. Hospitals in higher quartiles of home-time had lower rates of major adverse cardiovascular events and all-cause mortality relative to hospitals in lower home-time quartiles.
Discussion
We examined patterns of hospital-level variation and predictors of home-time-a novel, patient-centered outcome metric in a population of older ischemic stroke survivors. Our key findings include the following: (1) patients in the lowest 90-day home-time quartiles were, on average, more likely to be older, women, black, and have greater comorbidity burden than patients in higher quartiles; (2) there is a significant variation in 90-day and 1-year home-time at the hospital level; (3) increasing annual ischemic stroke volume, rural location, and smaller hospital size (for a given annual ischemic stroke volume) were associated with higher hospital-level 90-day home-time, even after case-mix adjustment; (4) similar patterns were observed when examining home-time during the year after ischemic stroke discharge; and (5) hospitals with higher home-time had lower rates of major adverse cardiovascular events and all-cause mortality.
Examining outcomes that matter to patients is increasingly recognized as an essential component of patient-centered comparative effectiveness research. 10 Prior work suggests that home-time is a highly prioritized outcome for patients. Home-time has traditionally been examined as a proxy for functional status during the first 90 days post stroke. Recently, Fonarow et al 11 found strong correlations between home-time and mRS measured at 90 days; home-time also demonstrated good ability to discriminate functional independence (mRS, 0-2) at 90 days (c-index=0.837). With input from PROSPER study patient coinvestigators, we constructed a long-term representation of home-time that was identified as more 12 and warfarin use, 13 yet our study is the first to examine hospital-level patterns and predictors of this novel measure in a nationally representative sample of patients with stroke. National reporting on hospital-level indicators of quality, including 30-day readmission and mortality, provides the foundation for identifying and reducing care variations across providers and hospitals. Recent readmission reduction efforts have resulted in hospital reimbursement policies that are based on risk-adjusted rehospitalization rates for heart failure, acute myocardial infarction, and pneumonia. CMS has expressed interest in similar payment-based initiatives for stroke, and data from contemporary populations suggest that hospitals vary considerably with regard to readmission and mortality after stroke hospitalization. In 1 analysis of 91 134 Medicare beneficiaries enrolled in GWTG-Stroke, Fonarow et al 5 reported substantial variation in risk-adjusted hospital-level rates of 30-day death or readmission after discharge, ranging from 55.8% (10th percentile) to 67.7% (90th percentile). Similar variation was observed in the analyses of inpatient data from 5 states, where 30-day readmission ranged from 9.8% (25th percentile) to 18.2% (75th percentile). 14 Although data on patterns of readmission are informative, assessment of readmission rates represents a single approach to measuring quality, which may also be evaluated by comparing the levels of postdischarge functional status and quality of life. Our study builds on previous work, first by examining hospital-level patterns of a novel measure of stroke quality in a nationally representative sample of Medicare beneficiaries. Second, the availability of detailed clinical-and event characteristics-supported robust risk adjustment, which is an integral component of the assessment of outcomes among hospitals with variable case-mix. Finally, because a majority of studies have focused on variation in 30-and 90-day outcomes post stroke, limited information is available on long-term quality metrics. Given that longer-term outcomes may be more meaningful to patients, we created a longer-term representation of home-time during the year post discharge. Additional studies are needed to elucidate the processes of care and resources (eg, availability of inpatient rehabilitation facilities in rural locations) that may contribute to variation in postdischarge home-time.
Our study had several limitations. First, because postdischarge outcomes were ascertained through Medicare claims, we were not able to account for the time spent in facilities not reimbursed by CMS, such as private nursing homes. Second, our population was limited to beneficiaries ≥65 years and may not be generalizable to younger populations or to beneficiaries who qualify for Medicare insurance based on end-stage renal disease or disability. Third, we excluded hospitals with <25 patients with stroke discharged during the study period to promote stability in hospital-level estimates; therefore, the hospital-level patterns described may not be representative of smaller hospitals or those with low annual ischemic stroke volume. Fourth, home-time may be influenced by factors external to the data we studied, including patient's access to inpatient rehabilitation and skilled nursing facilities, means to afford poststroke services, and availability of community resources (eg, home services). Additionally, time spent at home may be influenced by socioeconomic status, marital status, and existence of a social support system, particularly for those in need of caregiver assistance. Although these data are not collected in administrative claims, future work is needed to examine such determinants of home-time and ultimately inform comprehensive, patient-centered approaches to poststroke recovery. Finally, a substantial number of patients were missing data on NIHSS, which is a key predictor of postevent outcomes; however, we found consistent results in our primary and sensitivity analyses using multiple imputation for missing NIHSS values.
In conclusion, we found that patients in the lowest hospitallevel home-time quartiles were older, had more severe strokes, and were more likely to be black relative to those in higher home-time quartiles. We found substantial variation in hometime during the 90-day and 1-year postdischarge periods. After adjustment for patient case-mix, we found that annual ischemic stroke admission volume, smaller hospital size, and rural location were associated with higher hospital-level mean home-time during the postdischarge period. 
Final study population for main analysis:
90 day follow-up study Population: 156,887 patients from 989 hospitals, Period: 01JAN2007-31DEC2011 1 year follow-up study Population: 153,032 patients from 989 hospitals, Period: 01JAN2007-31DEC2011
Study population for sensitivity analysis including NIHSS missing patients:
90 day sensitivity study Population: 288,142 patients from 1279 hospitals, Period: 01JAN2007-31DEC2011 1 year sensitivity study Population: 280,910 patients from 1279 hospitals, Period: 01JAN2007-31DEC2011
(Population size for sensitivity analysis is obtained by removing the exclusion criteria on NIHSS missing, while keeping all other inclusion/exclusion criteria the same.)
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Covariates/balancing variables
The following baseline patient level characteristics will be used for descriptive analyses and risk adjustment.
We will consider addition of other variables as needed as the analysis proceeds. Missing clinical data will be handled as follows. For variables that have low rates of missingness (i.e., < 10% of records), we will impute continuous variables to the overall median value, dichotomous variables to 'no' and multichotomous variables to the most frequent categorical value. For variables with >10% missing, we will treat the missing values as a separate category. If the missing rate of other variables is >20%, (includes Hba1c, systolic blood pressure, and BMI) they will not be included in this analysis. Hospital Characteristics will not be imputed.
Patient level variables Values
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Outcomes/Endpoints
Home time will be assessed within 90 days and then 1 year of discharge from the index stroke hospitalization. Analysis: Baseline characteristics, comorbidities, laboratory data, will be described overall and by quartiles of patient Home Time. Categorical variable will be presented as counts and proportions, and continuous variables will be presented as medians with 25 th and 75 th percentiles. Means, standard deviations, minima, and maxima of continuous variables will also be reported for reference. Analysis: Baseline characteristics, comorbidities, laboratory data, will be described overall and by quartiles of hospital mean Home Time. Categorical variable will be presented as counts and proportions, and continuous variables will be presented as medians with 25 th and 75 th percentiles. Means, standard deviations, minima, and maxima of continuous variables will also be reported for reference. Analysis: Patient level Home Time will be treated as a linear response, GLIMMIX procedure will be used to get a risk adjusted negative binomial mean Home Time value for each hospital. Baseline patient characteristics (but not hospital characteristics) will be included as adjustment variables.
Primary
The adjusted Home Time hospital variation will be presented with histograms, median (IQR) and range. Analysis: Hospital level adjusted mean Home Time value will be treated as a linear response. GLM procedure will be used to assess the impacts of hospital characteristics on adjusted mean Home Time. Aim: Sensitivity analysis using the overall population without excluding the NIHSS missing patients. Using multiple imputation to get an imputed NIHSS for those patients who had that missing.
Analysis:
Rerun the similar set of analyses over the imputed sample. Analysis: Hospital characteristics will be described across quartiles of case-mix adjusted hospital mean 90-day home-time. Proportions for categorical variables, and medians interquartile (IQR) for continuous variables will be reported. Difference across quartile groups will be tested using the Kruskal-Wallis test and 1df CochranMantel-Haenszel test for categorical and continuous variables respectively. 
Objective 4
Aim: To compare 90-day MACE and all-cause mortality rates at hospital-level across quartiles of case-mix adjusted hospital mean home time Analysis: 90-day MACE and all-cause mortality rates will be calculated for each hospital and compared across quartiles of case-mix adjusted hospital mean home time. Median (IQR) values for hospitals in each quartile will be reported. Difference across quartile groups will be tested using the 1df Cochran-Mantel-Haenszel test on Spearman rank correlation coefficient. Aim: To describe the distributions of patient and hospital mean home-time in days at 90 day and at one year after discharge by adjustment strategies.
Analysis: Raw patient home time and hospital mean home-time at 90 day and at one year after discharge will be described by adjustment strategies. Strategies include unadjusted hospital mean home time, adjusted hospital mean home time, and adjusted hospital mean home time using the sensitivity analysis population with NIHSS imputed. The distributions for hospital mean home times will be presenting using histograms. The range of quartiles of home times will be presented in a table. 
Supplementary
